Effects of Dimethylaminoethanol and Compound Amino Acid on D-Galactose Induced Skin Aging Model of Rat by Liu, Su et al.
 
Effects of Dimethylaminoethanol and Compound Amino Acid on
D-Galactose Induced Skin Aging Model of Rat
 
 
(Article begins on next page)
The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.
Citation Liu, Su, Zhenyu Chen, Xia Cai, Ying Sun, Cailing Zhao, Fangjun
Liu, and Dalie Liu. 2014. “Effects of Dimethylaminoethanol and
Compound Amino Acid on D-Galactose Induced Skin Aging
Model of Rat.” The Scientific World Journal 2014 (1): 507351.
doi:10.1155/2014/507351.
http://dx.doi.org/10.1155/2014/507351.
Published Version doi:10.1155/2014/507351
Accessed February 16, 2015 9:33:21 PM EST
Citable Link http://nrs.harvard.edu/urn-3:HUL.InstRepos:12785982
Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-
of-use#LAAResearch Article
Effects of Dimethylaminoethanol and Compound Amino Acid on
D-Galactose Induced Skin Aging Model of Rat
Su Liu,
1,2 Zhenyu Chen,
2 Xia Cai,
2 Ying Sun,
3 Cailing Zhao,
2 Fangjun Liu,
4,5 and Dalie Liu
1
1 Department of Plastic Surgery, Zhujiang Hospital, Southern Medical University, 253 GongYe Middle Avenue,
Guangzhou, Guangdong 510280, China
2Department of Plastic and Aesthetic Surgery, The Affiliated Hospital of Medical School, Qingdao University,
Qingdao, Shandong 266003, China
3Department of Dermatology, Huang-Si Aesthetic Surgery Hospital, Beijing 100120, China
4Center for Advanced Orthopedic Studies, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA 02215, USA
5Institute of Plastic and Reconstructive Surgery, Weifang Medical University, Shandong 261042, China
Correspondence should be addressed to Dalie Liu; dalie.liu@yahoo.com
Received 25 April 2014; Revised 1 July 2014; Accepted 1 July 2014; Published 14 July 2014
Academic Editor: Oliver Distler
Copyright © 2014 Su Liu et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
A lasting dream of human beings is to reverse or postpone aging. In this study, dimethylaminoethanol (DMAE) and compound
aminoacid(AA)inMesotherapywereinvestigatedfortheirpotentialantiagingeffectsonD-galactoseinducedagingskin.At18days
afterD-galinduction,eachratwastreatedwithintradermalmicroinjectionofsaline,AA,0.1%DMAE,0.2%DMAE,0.1%DMAE+
AA, or 0.2% DMAE + AA, respectively. At 42 days after treatment, the skin wound was harvested and assayed. Measurement of
epidermal and dermal thickness in 0.1% DMAE + AA and 0.2% DMAE + AA groups appeared significantly thicker than aging
controlrats.Nodifferenceswerefoundintissuewatercontentamonggroups.Hydroxyprolinein0.1%DMAE+AA,0.2%DMAE+
AA, and sham control groups was much higher than all other groups. Collagen type I, type III, and MMP-1 expression was highly
upregulatedinboth0.1%DMAE+AAand0.2%DMAE+AAgroupscomparedwithagingcontrol.Incontrast,TIMP-1expression
levelsofvariousaginggroupsweresignificantlyreducedwhencomparedtoshamcontrol.CoinjectionofDMAEandAAintotarget
tissue has marked antiaging effects on D-galactose induced skin aging model of rat.
1. Introduction
Antiaging is an eternal topic and dream of human being.
A ge-r ela tedskinchangesar einevi tableandincl udethinning,
sagging, wrinkling, loss of elasticity, areas of dryness, and
an inversed turnover of collagen type I/III ratio in the skin
w h i c hp r e s e n t e da sr e d u c e ds y n t h e s i so fc o l l a g e nt y p eIb u t
upregulated production of collagen type III [1]. Currently
Mesotherapy has been arousing everyone’s interest as an
antiaging strategy. It is a minimally invasive procedure,
which consists of intradermal microinjection of pharma-
cologic substances, such as nutrients, hormones, vitamins,
enzymes, and other reagents, that have been diluted and are
administered directly into the region to be treated. Under
sterile and professional manipulation, Mesotherapy is very
rarely causing troubles of skin infection and necrosis, except
some minor risks like swelling and pain during the injection.
As a safe, simple, less painful procedure which is one of
the so-called “lunchtime cosmetic procedures,” it requires no
recovery time and is perfect for professionals and successful
p e o p l ei nt h ef a s t - p a c e dm o d e r nl i f e[ 2–4].
Dimethylaminoethanol (DMAE), an analog of the B
vitamin choline and a precursor of acetylcholine, has been
receiving more attention as an exciting new skincare sup-
plement today for its acute effects of antiaging, antiwrinkle,
and skin firmness. DMAE is well known for use in external
application. In the randomized clinical studies, 3% DMAE
f a c i a lg e lh a sb e e ns h o w nt ob es a f ea n de ffi c a c i o u si nt h e
mitigation of forehead lines and periorbital fine wrinkles,
and in improving lip fullness and shape and the overall
appearance of facial skin [5, 6]. An open-label extension of
thetrialalsoshowedthatthelong-termapplicationofDMAE
gel for up to 1 year was associated with a good safety profile
[7].However,tropicaltreatmentwithDMAEusuallyrequires
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Table 1: Experiment design (NS: 0.9% sodium chloride; AA: 3.48% compound amino acid; DMAE: dimethylaminoethanol).
Group number Pretreatment (D-galactose, 6 weeks) Microinjection (once a week, 4 weeks) Size (𝑛)
Aging groups
11 2 5 m g / k g ⋅dN e g a t i v e c o n t r o l 1 0
21 2 5 m g / k g ⋅dN S 1 0
31 2 5 m g / k g ⋅dA A 1 0
41 2 5 m g / k g ⋅d 0.1% DMAE 10
51 2 5 m g / k g ⋅d 0.2% DMAE 10
61 2 5 m g / k g ⋅d 0.1% DMAE + AA 10
71 2 5 m g / k g ⋅d 0.2% DMAE + AA 10
Sham control 8 10
high dose and concentration to pass through epidermal per-
meability barrier, which could incur concerns of its toxicity,
side effects, and medical costs. It was reported that 2.5–
10mmol/mL DMAE could cause a vacuolar cytopathology of
in vitro cultured human fibroblast cells. In addition, studies
showed that application of 3% DMAE gel tropically could
alsoincurthevacuolarcytopathologyofrabbitearepidermal
cells. Alternative delivery of DMAE is needed to evaluate the
relative efficacy for the improvement of aging skin.
Inordertoevaluatepotentialantiagingeffectsoflow-dose
DMAE administered intradermally by localized microinjec-
tion(Mesotherapy),tissuestructureandcollagenmetabolism
o fD - g a li n d u c e da g i n gs k i nw e r em e a s u r e di nt h i ss t u d y .
Meanwhile,coinjectionofcompoundaminoacid(AA),lead-
ingtoareducedcellulartoxicitybyDMAEinjectionandtobe
a local nutritionsupply, was studied as well. Their considered
m e c h a n i s mo fa c t i o ni nt h es k i nw a sa l s od e s c r i b e d .
2. Materials and Methods
2.1.Animals. Male Wistar rats were purchased from Institute
of pharmaceutical Sciences (Qingdao, China). All animals
weighted 180–220g at the time of surgery. Animal care
and experimental protocol were approved by the Affiliated
Hospital of Qingdao University Medical School Institutional
Animal Care and Use Committee.
Total 80 Wistar rats were randomly divided into each
experimental group (as detailed in Table 1). Animals from
eachtreatmentgroup,exceptshamcontrolgroup,weregiven
subcutaneous injection with D-galactose (D-gal) at the dose
of 125mg/kg⋅df o r6w e e k st oi n d u c et h es k i na g i n gm o d e lo f
rat. At 18 days after D-gal injection,each rat was anesthetized
with chloral hydrate (0.25mL per 100g body weight) and
disinfected within its hip area. A 3cm round tattoo area was
prefabricated on each side of rat’s hip and then treated under
general anesthesia once a week for 4 weeks with intradermal
microinjectionofsaline(NS),AA,0.1%DMAE,0.2%DMAE,
0.1% DMAE + AA, or 0.2% DMAE + AA, respectively. Both
aging negative control and sham control groups received
exactly the same surgical procedure but without any treat-
mentunderstudy.At42daysaftertreatment,allanimalswere
euthanized and skin wounds were compared by histology,
measurement of water content, hydroxyproline content, and
quantitative real-time PCR testing.
2.2. Histopathology. Skin thickness was measured with Sim-
plePCI Image analysis software (Hamamatsu Corporation,
Boston, MA) in sections stained with Hematoxylin and
eosin. Epidermal thickness was measured from the stratum
corneum (SC) surface to the bottom of the dermal papillae,
while dermal thickness was measured from the top of the
papillae to the deepest portions of the reticular dermis
until adipose tissue or muscle was reached. Under the same
magnification,5 individualpositionswere randomlyselected
to measure the skin thickness from each of 5 fields of view
per section. With Masson Trichrome stain of all sections,
5 different fields of view were also randomly chosen and
analyzed for collagen fiber density.
2.3. Measurement of Water Content. 1cm
2 skin wound was
harvested and measured for the precise wet weigh, followed
by baking at 80
∘C for 12 hours before measuring its dry
weight. Skin water content was calculated by the formula of
the percentage of water content = ((wet weight − dry weight)
÷ wet weight) × 100%.
2.4. Measurement of Hydroxyproline Content. Hydroxypro-
line content in skin wound was measured according to
the manufacture’s protocol of commercial assay kits (NAN-
JING JIANCHEN biological engineering Co., LTD, Nanjing,
China).
2.5. Quantitative Reverse Transcription-Polymerase Chain
Reaction (qRT-PCR). Skin wounds were homogenized in
TRIzol1 (Invitrogen) and total RNA was extracted according
to manufacturer’s protocol. 1𝜇gt o t a lR N Aw a sr e v e r s e l y
transcribed into cDNA using the PrimeScript RT Synthesis
System (Takara Biotechnology/Takara Bio, Dalian, China).
A highly sensitive quantitative PCR method was performed
with these cDNA products. All customized primers and
probes were validated for their efficiency (as shown in
Table 2). The 10mL reaction mix contained 2x Power SYBR1
Green PCR Master Mix, 10-fold diluted cDNA, and 0.2mM
o fe a c hp r i m e r .Th et h e r m a lp r o t o c o lc o n s i s t e do f1 0 m i n
polymerase activation at 95
∘C, followed by 40 cycles of
denaturation at 95
∘C for 30s, primer annealing at 55
∘Cf o r
1min, and extension at 72
∘C for 30s. The mRNA expression
levels were normalized to those of the endogenous referenceThe Scientific World Journal 3
Table 2: Primer pairs for target and housekeeping genes for quantitative RT-PCR assay.
Target gene
accession number
Sequences
Probe length
Forward Reverse
Col 𝗼1I
NM 053304.1
ATGTCTGGTTTGGA
GAGAGCA
GAGGAGCAGGGAC
TTCTTGAG 203bp
Col 𝗼1 III
NM 032085.1
GCCTCCCAGAACAT
TACATACC
TTTGCTATTTCCTTC
AGCCTTG 132bp
MMP-1𝗼
NM 001134530.1
CTCCCTTGGACTCA
CTCATTCTA
AGAACATCACCTCT
CCCCTAAAC 227bp
TIMP-1
NM 053819.1
TGGCATCCTCTTGTT
GCTATC
CGAATCCTTTGAGC
ATCTTAGTC 191bp
𝗽-Action
NM 031144.3
GGAGATTACTGCCC
TGGCTCCTA
GACTCATCGTACTC
CTGCTTGCTG 150bp
gene𝗽-actionandpresentedasfoldchangestothoseobtained
from aging control skin samples.
2.6. Statistical Analysis. Data were expressed as means ±
standard deviation (SD). Statistical analysis was performed
by one-way analysis of variance (ANOVA) using SPSS17.0
software. The results were taken to be statistically significant
at a probability level of 𝑃 < 0.05.
3. Results
3.1. Histological Changes. Aging skin showed decreased
thickness for both epidermis and dermis when compared
to sham control rats. With aging, the epidermis reduced
its numbers of cell layers, and the dermal collagen fibers
turned to be sparse, slender, or broken. When compared to
aging control, however, these histologic changes were greatly
ameliorated in 0.1% DMAE + AA, 0.2% DMAE + AA, and
0.2% DMAE groups (Figures 1(a)–1(h)).
When treated with 0.1% DMAE + AA or 0.2% DMAE +
AA, both epidermal and dermal thickness and density of
collagen fiber were significantly elevated over those of aging
control group. In addition, 0.2% DMAE alone also signifi-
cantly increased epidermal thickness and density of collagen
fiber when compared to aging control. But, nevertheless,
these three parameters in all aging groups were greatly
downregulated when compared to those of sham control
group (Figures 2(a), 2(b),a n d2(c)).
3.2. Water Content in Aging Skin. There were no statistically
significant differences in water content among all groups
(Figure 2(d)).
3.3. Hydroxyproline Content in Aging Skin. Hydroxyproline
content were greatly increased in aging skin treated with
both 0.1% DMAE + AA and 0.2% DMAE + AA complex,
which showed significant differences when compared to all
other aging groups. Interestingly, the hydroxyproline content
in 0.2% DMAE + AA group reached an equivalent level to
that of sham control but was significantly higher than all
other 6 aging groups. There was no significant difference
between 0.1% DMAE + AA and 0.2% DMAE + AA groups
(Figure 2(e)).
3.4. mRNA Expression of Type I, Type III Procollagen, MMP-
1, and TIMP-1 Target Genes. Collagen type I expression was
greatly upregulated in response to both 0.1% DMAE + AA
and 0.2% DMAE + AA treatments, which showed no signif-
icant difference to that of sham control. However, any of the
other aging groups showed much less expression of collagen
t y p eIw h e nc o m p a r e dt os h a mc o n t r o lr a t s( F i g u r e3(a)).
When treated with 0.1% DMAE + AA, 0.2% DMAE + AA,
or 0.2% DMAE alone, transcript levels for collagen type
III were considerably elevated over aging control group,
but significantly less than sham control (Figure 3(b)). As
a potential key regulator in skin aging, MMP-1 messages
i n c r e a s e di nr e s p o n s et oe i t h e r0 . 1 %D M A E+A Ao r0 . 2 %
D M A E+A At r e a t m e n t ,w h i c hs h o w e das t a t i s t i c a l l ys i g -
nificant difference from that of aging control, but not sham
control rats (Figure 3(c)). In contrast, transcript levels for
TIMP-1 in all aging groups were significantly downregulated
t oam u c hl o w e rl e v e lo ft h a to fs h a mc o n t r o l( F i g u r e3(d)).
4. Discussion
Injection of low-dose D-galactose into rat skin could induce
c h a n g e st h a tr e s e m b l ea c c e l e r a t e da g i n g .I no u rs t u d i e s ,t h e
aging model of rat showed hair color changes, decreased
activities, and neurological impairment. The histologic
changes of D-gal induced aging skin presented as thinner
epidermis with reduced cells layers and sparse, slender, or
broken collagen fibers in dermal layer. Furthermore, this
aging skin indicated lower levels of hydroxyproline content
and mRNA messages for type I, type III collagen, MMP-1,
and TIMP-1 compared to normal skin tissue. All these data
suggest that injection of 125mg/kg⋅d D-galactose for 6 weeks
is technically feasible to create a subacute aging model for
mimicking human aging skin [8, 9].
Our studies indicated that coinjection of DMAE and AA
increased the levels of hydroxyproline content and collagen
type I expression of D-gal induced aging skin, which reached
approximately the same level of normal skin tissue when
given high dose of 0.2% DMAE + AA treatment. The histo-
logical changes appeared as elevated epidermal and dermal
thickness and tightly arranged dermal collagen fibers. More
interestingly, Mesotherapy by coinjection of DMAE and AA
greatly elevated MMP-1 gene expression in aging skin to4 The Scientific World Journal
(a) (b) (c)
(d) (e) (f)
(g) (h)
Figure 1: Histological appearance of skin wound from D-gal induced aging model of rats. Skin wounds were harvested for histology at 42
daysaftereachtreatment.RepresentativeimagesofsectionsstainedwithH&Ewerepresentedatalowmagnification(40x,scalebar=50𝜇m).
Letters(a)through(h)correspondtoagingcontrol,agingNS,agingAA,aging0.1%DMAE,aging0.2%DMAE,aging0.1%DMAE+A,aging
0.2% DMAE + AA, and sham control, respectively.
a ne q u i v a l e n tl e v e lo fn o r m a lr a t s ,b u tn o tf o ri t si n h i b i t o r
of TIMP-1 that was significantly downregulated in all aging
rats. These results suggest that Mesotherapy by coinjection
of DMAE and AA played a positive regulation on collagen
catabolismintherepairandreconstructionofagingskinand
delay the aging process of skin. Previous studies showed the
reducedproductionofcollagentypeIandincreasedsynthesis
of collagen type III and MMP-1 in aging skin [10]; however,
ourresultsindicatedthatmRNAexpressionforcollagentype
III and MMP-1 was much less in aging control than that of
normal rats. It might be that collagen metabolism undergoes
a different way between normal skin changes with aging
and D-gal-induced subacute skin aging model. Our study
also showed that injection of DMAE or AA alone showed
no effects on hydroxyproline content or messages for type I
collagen and MMP-1 in aging skin. These data indicate that
theconcomitantuseofDMAEandAAmightbetheonlyway
to exert their antiaging action in this D-gal induced aging
skin model, by modulating collagen type I metabolism and
remolding the structure of aging skin.
Previous studies have shown that cultured rabbit dermal
fibroblasts responded to DMAE by massive vacuolization in
a concentration-dependent manner. The epidermis of rabbit
external ear was also significantly thickened and exhibited
clear perinuclear swelling indicative of vacuolization in
responsetotopicalapplicationof3%DMAE.Itwassuggested
that vacuolar cytopathology may not be dissociable from the
improvement of skin appearance that is rapidly produced
by topically administered DMAE and could be the cellular
basis of the antiwrinkle effect of DMAE [11, 12]. From our
results, the vacuolization of the dermal fibroblast might
occur in both 0.1% and 0.2% DMAE treated aging skin,
resulting in cellular swelling and increased collagen fiber
density.Epithelialcellsofagingskincouldalsorespondtothe
higherconcentrationof0.2%DMAEbyvacuolization,which
presented as increased epidermal thickness. However, these
may need further studies to clarify this matter.
In addition, the measurement of skin water content
showed no differences among all treated rats, which suggests
that DMAE and compound AA had limited effects on skinThe Scientific World Journal 5
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Figure 2: Physical properties of D-gal induced aging skin wound after each treatment. (a) Epidermal thickness (𝜇m), (b) dermal thickness
(𝜇m), (c) collagen fiber density (mm
2), (d) water content (%), (e) hydroxyproline content (𝜇g/mg protein). ∗, †,$ ,Ψ, Σ,a n dⓇ denote a
significant difference (𝑃 < 0.05) relative to negative control, sham control, NS, AA, 0.1% DMAE, and 0.2% DMAE, respectively. For water
content assay, no significant difference existed among all treatment groups.6 The Scientific World Journal
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Figure 3: Measurement for collagen metabolism of D-gal induced aging skin after each treatment. Skin wound was processed and analyzed
for expression of collagen type I (a), collagen type III (b), MMP-1 (c) and its inhibitor, and TIMP-1 (d) by quantitative RT-PCR. Expression
levels for each targeting gene were normalized to endogenous reference gene and reported as relative values (ΔΔCt) to those obtained from
aging control group. ∗ and † indicate a significant difference (𝑃 < 0.05) when compared to negative control (group 1) and sham control
(group 8), respectively.
moisturizing. This might be due to a lower level of concen-
tration and shorter action period of local available DMAE in
epidermallayerwhendirectsubcutaneousinjectionwasused
for DMAE delivery, which differs from topical application of
DMAE.
5. Conclusions
With D-galactose induced aging model of rat, Mesotherapy
by delivering DMAE and AA directly to target tissue has
marked antiaging effects by promoting collagen synthesis
and catabolism to remodel skin texture and improving the
thickness of aging skin. Although these experiments used a
rat model, the results are relevant to clinical works. Further
investigations to understand the mechanism of the action of
dimethylaminoethanol and compound amino acid in aging
skin will assist in the development and test of more powerful
andeffectiveskincareregimensforfurtherhumanevaluation.
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